Human lymphoblastic leukemia cells of line CEM-C7 are glucocroticoid-sensitive and contain glucocorticoid receptors of wild-type characteristics. EL4 mouse lymphoma cells are resistant to lysis by glucocorticoids due to mutant receptors that exhibit abnormal DNA binding. Hybrids between the two cell lines were prepared and analyzed with respect to glucocorticoid responsiveness and to receptor types by DNA-cellulose chromatrography. Sensitive hybrid cell clones contained the CEM-C7-specific receptor in addition to the EL4 type of receptor. Several sensitive hybrid cell clones were used for selection of resistant segregants by growth in the presence of high concentrations of glucocorticoid. These segregants had lost the wild-type CEM-C7 receptor, while the EL4-specific receptor was retained. To identify the human chromosome that was lost concordantly with the CEM-C7 receptor the chromosomes of hybrid cells were studied by alkaline Giemsa (G-11) staining and trypsin/Giemsa banding. All hybrids contained human chromosomes in addition to one to two sets of ETA chromosomes. Human chromosome 5 was present in all hybrid cell clones that expressed the CEM-C7 receptor and it was absent from those that did not. This absolute correlation was not observed for any other human chromosome. We conclude that the human gene for the glucocorticoid receptor is located on chromosome 5.
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In steroid hormone action, specific receptors play a central role in mediating physiological responses in target cells (for reviews, see refs. 1-5). Many established cell lines of Tlymphoid origin contain receptors for glucocorticoids and respond to these hormones by exhibiting growth inhibition and cell lysis. This cytolytic response has been used to isolate hormone-resistant cell variants that either are deficient in receptors or contain abnormal receptors (for reviews, see refs. [6] [7] [8] . Hybrids between glucocorticoid-sensitive wildtype lymphoid cells and resistant variants have been shown to respond to the steroid (6, (9) (10) (11) (12) (13) . In such hybrids, resistance arises spontaneously at high frequency due to chromosome segregation. We have previously compared the sensitive and resistant cellular states in murine intraspecies lymphoid-cell hybrids. Correlations between receptor types and chromosome contents led to the identification of the mouse chromosome that encodes the glucocorticoid receptor (14) . In a similar approach we have now generated interspecies hybrids by fusing a glucocorticoid-responsive human lymphoid line (CEM-C7) with a resistant murine line (EL4). EL4 cells contain an abnormal receptor which can be distinguished biochemically from that of the human cells. Hybrid cell clones retained variable numbers of human chromosomes in addition to one to two sets of chromosomes contributed by the murine parental cell line. Some of the hybrids were glucocorticoid-sensitive. Resistant segregants of these were isolated by selection in the presence of steroid. These resistant hybrid cells have lost a specific human chromosome and no longer contain the receptor of human origin, suggesting that the gene for the human glucocorticoid receptor is located on that chromosome.
MATERIALS AND METHODS
Cell Lines and Cell Culture. The human lymphoblastic leukemia line CEM-C7 (15) and the mouse lymphoma line EL4 (9) were those previously used. EL4 cells were deficient in thymidine kinase. Cells were grown in suspension culture as described (13) except that the medium was supplemented with 10% fetal calf serum instead of horse serum. Dexamethasone (Sigma) was dissolved in ethanol and added to cell cultures at a final concentration of 1 ,AM, resulting in 0.05% ethanol in the medium. The same concentration of ethanol was added to control cultures. Cell viability was based on trypan blue exclusion.
Cell Hybridization and Cloning. Cells were fused as described (16) by using inactivated Sendai virus and hybrids were selected in hypoxanthine/aminopterin/thymidine medium containing 50 nM ouabain. After 1 week, the selective agents aminopterin and ouabain were removed. Six weeks after fusion, corresponding to 50-60 cell generations, hybrid cells were cloned (17) . Hybrid cell clone CxE-1 was subcloned by the same procedure with or without 1 ,uM dexamethasone added to the agar.
Karyotype Analysis. Cells in culture were synchronized by exposure to 0.1 ,uM methotrexate for 17 hr and harvested as described (18) . Giemsa banding (18) and alkaline Giemsa (G-11) staining, which distinguishes human from mouse chromosomal material (19), were as described. Nomenclature of human chromosomes follows the recommended International System (20) . Mouse EL4 marker chromosomes were named as previously reported (14). Most of the hybrids were karyotyped on several occasions (up to four times) before and after the biochemical studies.
Receptor Analysis. Mass cultures were harvested (13), quickly frozen in liquid nitrogen, and stored at -90°C. Cell extracts were prepared at 0°C from frozen cell pellets, using 10 mM tris(hydroxymethyl)methylglycine buffer (pH 7.8, at 20°C) containing 50 mM KCl, 5 mM mercaptoethanol, 1 mM EDTA, 1 mM leupeptin (Sigma), and 10% (vol/vol) glycerol (15 (21) . The chromosome number ranged from 44 to 48 with a mode of 46 (21) . By cloning of CEM cells, a subline was established, CEM-C7, which is sensitive to glucocorticoids (22) . When exposed to the steroid, the cells cease to proliferate and subsequently lyse. CEM-C7 cells contain glucocorticoidspecific receptors (22, 23) . As a criterion for the wild-type characteristics of these receptors, we used chromatography on DNA-cellulose because this method distinguishes between wild-type and certain abnormal receptors (15, 24, 25) . As shown in Fig. 1 , receptor-steroid complexes from CEM-C7 cells were eluted with 170-190 mM KCl (184 nM KCl, mean of five experiments). On average, 41% of the receptor complexes applied to the column were recovered.
The mouse lymphoma line EL4 is glucocorticoid-resistant (9, 13) and contains glucocorticoid receptors that bind with abnormally low affinity to DNA-cellulose (6, 13) , as is characteristic for "nuclear-transfer deficient" (ntF) receptors. Receptor-steroid complexes from EL4 cells were eluted with 80-100 mM KCl (Fig. 1) , with a recovery of about 35%.
The CEM-C7 karyotype was analyzed by trypsin/Giemsa banding (Fig. 2) . All chromosomes appeared structurally normal with a single exception: one ofthe chromosomes 9 has lost most of the short-arm material (indicated by arrow on Fig. 2 ) and also has a pericentric inversion with the faintly staining 9ph region now on the short arm, as previously noted (26) . Thirteen of the 18 cells karyotyped had an extra copy of chromosome 20 (trisomy 20) (Fig. 2) rearranged marker chromosomes that have been described previously (14) .
Glucocorticoid Sensitivity of Hybrid Cells. CEM-C7 x EL4 hybrids (abbreviated CxE) were grown up in selective medium and cloned. Glucocorticoid responsiveness of hybrid-cell clones was assessed by growth of the cells in the presence of dexamethasone (Fig. 3) . Three hybrid clones were clearly sensitive to the steroid. Clone Cx E-3 was more sensitive ( Fig. 3B ; 96% lysed cells after 120 hr) than clone CxE-6 ( Fig. 3C ; -42% lysed cells after 120 hr); clone Cx E-2 behaved similar to Cx E-6 (data not shown). The other primary hybrid cell clones were resistant to dexamethasone, with no change in growth rates when the hormone was added to the cultures.
Glucocorticoid Receptors of Hybrid Cells. DNA-cellulose chromatography was used to analyze the receptor types of the hybrid cells. The sensitive clones CxE-2, CxE-3, and Cx E-6 contained both types of receptors (Fig. 4 A-C, filled circles). As in the parental cells, the EL4 receptor type was eluted with 80-100 mM KCl, whereas the CEM-C7 receptor required a higher salt concentration (173 mM KCl, mean of three experiments with each clone). The relative proportion of both receptor types varied between clones.
The sensitive hybrid clones CxE-2, CxE-3, and CxE-6
were placed in medium containing 1 ,;M dexamethasone.
After 2 weeks, viable cell populations were obtained which no longer responded to the hormone. When these resistant segregants were analyzed for their glucocorticoid receptors by DNA-cellulose chromatography (Fig. 4 A-C , open circles), only the EL4 receptor type was present. Hybrid clones C x E-5, -7, -8, -9, and -10, which were dexamethasone-resistant when first analyzed, likewise contained only the EL4 receptor, as shown in Fig. 4D for C xE-8 and summarized in Table 1 . Hybrid cell clone C x E-1 contained both types of receptors (Table 1) even though these cells did not respond to the steroid in the growth assay (Fig. 3A) . However CxE-1.3, a subclone of Cx E-1, obtained in the absence of hormone, was sensitive in the growth assay and also contained both types of receptor (Table 1 ). In contrast, 10 out of 10 subclones of CxE-1 obtained in the presence of 1 juM dexamethasone, contained only the EL4 receptor type; one subclone, CxE-1.D8, was analyzed in more detail (Table 1 ). This suggests that the original CxE-1 clone may have been of marginal glucocorticoid sensitivity which was not apparent under the conditions of the growth assay illustrated in Fig. 3 CxE-3 in the glucocorticoid-sensitive state (Fig. SA) and a karyotype of its resistant segregant (Fig. SB) are shown.
Comparison between human chromosome content and expression of CEM-C7 wild-type receptors revealed that human chromosome 5 was always retained in hybrids that were positive for the human receptor. Chromosome 5 was missing in all hybrids that were receptor-negative on initial testing. Furthermore, chromosome 5 was the only human chromosome that had been lost from all resistant segregants of the sensitive hybrids CxE-2, CxE-3, and CxE-6. As summarized in Table 1 , there was complete concordance between expression of the human glucocorticoid receptor and the presence of human chromosome 5. Elimination of no other human chromosome coincided consistently with the receptor-negative state. DISCUSSION Somatic cell hybrids are particularly useful for chromosomal gene assignments when one of the parental cell lines is sensitive to a toxin, cytotoxic hormone, antimetabolite, or virus and the other is resistant to the respective agent. If the response is dominant in hybrids, unresponsive segregants can be selected with relative ease. When their karyotypes are compared to those ofthe originally sensitive hybrids, consistent loss of a specific chromosome from the responsive parent provides evidence for gene localization. With respect to receptor genes, this approach has been used for the assignment of the diphtheria toxin receptor to human chromosome 5 (27, 28) and of a poliovirus receptor to chromosome 19 (29) .
Using a similar approach, we have previously mapped the murine glucocorticoid receptor gene to mouse chromosome 18 in intraspecies lymphoid-cell hybrids (14). To map the human receptor gene, we hybridized glucocorticoid-sensitive human lymphoblastic leukemia cells with resistant lymphoma cells of murine origin. Several of the hybrid cell clones were originally sensitive to the steroid but yielded resistant segregants that grew in the presence of the hormone. Analysis of sensitive and resistant hybrid cells with respect to types of receptor and human chromosome content (Table 1) clearly showed a tight correlation between the presence of human chromosome 5 and the expression of the human wild-type glucocorticoid receptor (CEM-C7 type). Since we could not detect any rearrangements in the chromosomes 5 in CEM-C7 and in the hybrid cells, we assume that they are structurally normal. Minor rearrangements below the resolution of the banding would have gone undetected.
We conclude that human chromosome 5 is required for expression of the glucocorticoid receptor and, therefore, most likely carries the structural gene for the receptor. We cannot exclude the possibility that one or more of the other human autosomes that were retained in all of the sensitive hybrid lines also play a role in receptor expression and/or steroid responsiveness. The abnormal receptor (EL4 type) of mouse origin that was expressed in all hybrids served as internal control for expression of receptor genes. Therefore, it is unlikely that inactivation rather than loss of receptor genes is responsible for the transition from the sensitive to the resistant state in hybrid cells.
With respect to receptors, human chromosome 5 is of particular interest because, in addition to the gene for the lymphocyte glucocorticoid receptor, it also carries the genes for the f2-adrenergic receptor (30) and for the diphtheria toxin receptor (27, 28) . It is not known whether these receptor genes are clustered on chromosome 5 since only for the diphtheria toxin receptor gene has regional mapping been carried out (28) . As recently reported, the invariant chain, a cytoplasmic protein that is always associated with immuneresponse antigens, is encoded by genes on chromosome 5 in the human (31) and on chromosome 18 in the mouse (32) . These are the same chromosomes to which we have assigned the glucocorticoid receptor genes. While this may be coincidence, it could also suggest that a small autosomal region has been conserved in mammalian evolution. If that were the case, the loci for the invariant chain and the glucocorticoid receptor would be expected to be near each other on the respective chromosomes. The apparent nonrandomness of retention of human chromosomes in the hybrid clones described here (Table 1) suggests that they may be closely related. One CEM-C7 cell must have fused with two EL4 cells (or a pseudotetraploid [2s] EL4 cell), since the hybrids contained 60-70 chromosomes of EL4 origin.
The primary hybrid clone CxE-l behaved in an exceptional way; these cells did not respond to the hormone in the growth assay even though they expressed the human wildtype receptor and contained chromosome 5. This means that although an intact receptor system is a necessary requirement for hormone action, it may not be sufficient. Other cellular functions in addition to the receptor must be required for the physiological response to occur. Defects in such functions could lead to a phenotype of resistance that has previously been termed "deathless" (24 
